Aims: to evaluate the some physical properties (melting range, hardness and thermal expansion) of two prepared mixtures wax contain paraffin oil in comparison with commercial type wax. Materials and Methods: Two mixtures of experimental modeling wax were prepared, mixture No.1 (M1) and mixture No.2 (M2). These two mixtures underwent three physical tests in compare to commercial modeling wax which is a control group, these tests are: 1-Melting range test, 5 capillary tubes were sealed and filled with all type of wax and placed inside electro thermal melting point apparatus.The start of melting wax considered the beginning melting point and when the wax completely became fluid, it is considered the ending melting point. 2 Needle penetration test (hardness test), 5 cylindrical shape samples for each type of wax were prepared and tested for hardness by standard vicate apparatus. 3-Linear thermal expansion, for each type of wax, 5 samples were prepared in a mold , the samples were heated to 25 C° and 40 C° and the distance between reference marks at the lower temperature and the change in length on heating to higher temperature is determined by electronic digital caliper and thermal expansion is calculated as percentage of the total length of sample. Results: Statistical analysis of melting range test showed a significant difference between tested groups in both minimum and maximum melting point. M1 had the higher mean in minimum and maximum melting point. Hardness test analysis showed a significant difference between tested groups, higher mean of hardness was observed in M2, M1 and control group respectively. ANOVA of linear thermal expansion showed a significant difference between groups at 25 C° and at 40 C°. The control group of wax observed the highest mean of thermal expansion at 25 C° and 40 C° than the other two types of wax.Conclusion: The modification of dental wax improved some of the physical properties than commercial one. Keywords: mineral oil, wax, beeswax, paraffin oil.
INTRODUCTION
Wax is widely used in dental practice in many forms, forming an inlay pattern, boxing, and making an impression for the registration of occlusal bite relationships each requires a specially formulated wax.
Dental waxes composed of natural and synthetic waxes, gums, fats, fatty acids, oils, natural and synthetic resins, and pigments of various types. The particular working characteristics of each wax are achieved by blending the appropriate natural and synthetic waxes and resins and other additivesP (1) P . Waxes are generally characterized by their thermal properties such as melting point and softening temperature. The coefficient of thermal expansion is a major factor affecting accuracy. Dimensional stability is primarily a function of the magnitude of the stresses which become incorporated during thermal contraction after moulding. Important mechanical properties are hardness and the degree of flow which a material will undergo in its working temperature range.P (2) The ultimate goal of the combination of waxes and additives is to produce dental waxes that possess a set of given physical properties over specified range of temperature P (3) P . Paraffin waxes are saturated hydrocarbon mixtures, normally consisting of a mixture of numerous alkanes. their desirable characteristics, high latent heat of fusion, negligible super-cooling, low vapor pressure in the melt, chemically inert and stable, self-nucleating, no phase segregation and commercially available at relatively low cost. The carbon atom chain lengths for paraffin waxes with a melting temperature between 30 and 90 C. Increased length of the carbon atom chains increases molecular weight and results in a higher melting temperature of the material.P (4) Modelling waxes composed of complicated mixture of many constituents. It is also certain that the major component is paraffin wax with the addition of varying amounts of higher melting point waxes such as beeswax, carnauba wax and microcrystalline waxes. P ( 
5)

P
The softening temperature of waxes varies widely by wax type.P (6) With complicated component, waxes have a melting range rather than a single, sharp melting temperatureP (7) P , because these waxes contain several types of molecules, each having a range of molecular weightsP (8) Addition of carnauba to paraffin wax resulted in a reduction of the flow and an increase in the transition temperature when a definite increase in flow was observed. Addition of beeswax to paraffin wax decreased the flow only slightly.P (8) The expansion of dental waxes can be quantified as a percentage of the original dimension of the specimen. It is usually reported as a part per million of expansion per Celsius degree of the rise in temperature of the specimen. This number is called the coefficient of the thermal expansion of the wax.P (9) The wax may be expanded as much as 0.7% with an increase in temperature of 20°C (68°F) or contract as much as 0.35% when it is cooled from 37°C to 25°C (99°F to 77°F). The average linear coefficient of thermal expansion over such a temperature range is 350 x 10-6 per degree centigradeP (10) The linear thermal expansion properties of the waxes may be explained on the basis of strength of secondary valence forces and the transition pointsP (3) Standard penetrometer needle is used to determine the hardness of petroleum wax. The penetration force is determined by the total mass (100 g) of the needle, plunger, and 50 g weight P (11) P . Aim of the study: evaluate the melting range, hardness and thermal expansion of two prepared wax with different bess wax and paraffin oil ratio in comparison with commercial wax.
MATERIALS AND METHODS
Two types of experimental modeling waxes were prepared, the first type was prepared by a mixture of (65 gm paraffin wax, 30 gm bees wax and 5 gm paraffin oil as an additive), the second type was prepared by a mixture of (45 gm paraffin wax, 50 gm bees wax and 5 gm paraffin oil as an additive) and the commercial modeling wax (Major Prodotti, Itally) was used as a control group. The mixing is carried out at 40°C at the semi-solid stage, because at this stage, wax particles interconnect with each other and form a wax mesh that cannot separate after that by subsequent heating and re-solidification.
Physical Tests: 1. Melting Range
The melting point was measured according to method reported by Vogel (12) using Electrothermal melting point apparatus (CE, VWR, INTERNATION-AL)One end of each of the capillary tubeshad been sealed by inserting it horizontally into flame for a few seconds.
The capillary tube filled by tabbing of 0.1gm of prepared wax through opened end until the material reaches the closed end of the capillary tube and the material reach 3-5 mm length. The filled capillary tube is placed inside the Electrothemal melting point apparatus, then starts by turn-on the apparatus and watching the wax inside the capillary tube through the magnifier of the apparatus, at the same time the temperature in the thermometer is watched also until wax starts to melt , this point considers the beginning point of the melting range, and continue viewing the wax through the magnifier until become completely fluid, and this consider the ending point of the melting range.
2.Hardness Test:
A sample was prepared by fill cylindrical shape mold with (6 mm) thick and (10 mm) diameter by prepared and commercial wax. In this test, the standard vicatapparatusis used. Needle of specified dimension (1mm) and mass (300gm) was to be held vertically against the surface of the wax specimen and released, after (5 ± 0.1) second the needle is stopped; the vertical travel defining the penetrative (flow).The depth of penetration is measured by Electronic digital caliper at room temperature (20 ± 2)ºC. Four measurements are made around the circumference and one measurement is made in the center of specimen. Then, the mean of five measurements was calculated for each sample.
Linear Thermal Expansion A-Preparation of Mold
The mold was made from glass then duplicated to Aluminum, the mold consists of three parts (mold, cover and holder), the dimensions of mold are {(305 ± 0. B-Preparation of Samples:
The prepared and commercial wax was placed in a metal pan. The pan was then placed in water bath and the wax starts to melt and becomes fluid, the wax reaches (75 ± 5) °C and maintained at this temperature until pouring into mold. The melted wax is then poured into a mold that has been lubricated with separating medium (coldmoldseal, spofadent, Czech republic) (separating film for acrylic resin).The mold was preheated to (55 ±5) ºC. The Aluminum cover preheated to (55 ± 5) º C was placed on the top of the mold, then a weight of 90N (9kg) is placed on the top of the mold for 30 min, after that the weight and cover were removed and excess wax trimmed away and the specimen was stored at room temperature (20 ± 2) ºC for 24 hours before testing. (13) C-Procedure of Testing The specimen is heated to 25° C and 40°C and the distance between the reference marks at the lower temperature and change in length on heating to higher temperature is determined. The wax specimen is placed under the holder and the reference marks pass through the openings of the holder. The distance between the reference marks is determined to the nearest 0.01 mm. The electronic digital caliper is used to make the measurement. An initial measurement is made in water after 20 min at (25 ± 0.1) °C. The 25°C temperature was used as zero point. The temperature is then raised in water bath to (40 ± 0.1) °C. The specimen remains 20 min at that temperature before the distance between reference marks is determined. (13) Three measurements for each sample were obtained and the mean of these measurements was calculated. The change in length was measured and the thermal expansion is calculated as percentage of the total length of specimen.
RESULT
Melting Range:
ANOVA of tested samples (Table 1) for minimum melting point revealed that there was a significant difference between control and two groups of modified wax (p< 0.01). Duncan's multiple range tests ( Figure 1 ) showed that M (1) has higher melting point mean (59.6±0.89c º) than that for control and M(2) ( 39.8± 0.44 and 41.2 ±1.09 c º respectively) and both mixture was higher melting point than control. While for maximum melting point ANOVA described ( Table 2 ) that there was significant difference between different tested groups (p< 0.01). Duncan's multiple range tests (Figure 2 ) stated that M1 has higher mean for maximum melting point (63.2±0.83c º) in comparison to control and M2 and there was no significance difference between them. This result may be due to high percentage of paraffin wax (65%) in M1 in contrast to control and M2 samples which has high melting point due to high molecular weight of paraffin wax These results are in agreement with McMillan and Darvell (7) , Craig and Powers (15) who reported that the melting temperature generally increases with increasing molecular weight.
While in case of M2 the addition of soft paraffin to beeswax led to significant reduction in the minimum and maximum melting point of beeswax. This is due to the difference in chemical composition of beeswax, hard and soft paraffin (14) Hardness test: Table ( 3) labeled that ANOVA of hardness test for tested sample showed that there was a significant difference between control and prepared wax (p< 0.01). While Duncan's multiple rang test (Figure 3 ) demonstrated that higher mean of hardness was for M2, M1 than control (0.94, 0.56, 0.18 respectively). The results revealed that the control group was less hardness than M2 and M1. This may be related to the presence of hydrocarbon oils in paraffin waxes which lead to reduce their hardness (in M1 represent 65%). This is in agreement with Craig and Powers (15) who reported that the paraffin waxes used in dentistry are refined waxes and have less than 0.5% oil. He also stated that hydrocarbon oils may be used to soften mixtures of waxes. while in case of M2 (beeswax represent 55%) the hardness increase which can be attributed to the effect of beeswax that leads to increase the melting temperature of the mixture and increasing hardness and reduce the flow at room temperature. This is in disagreement with Powers and Craig (17) and in agreement with Smith et al., (19) Linear Thermal Expansion: Analysis of variance (ANOVA) (Table 4) explained that thermal expansion for tested groups at 25 cº was significantly different at p< 0.01.Duncan's multiple range tests (Figure 4) clarified that control group has higher mean value (0.78 %) for thermal expansion than two prepared mixture. Figure 5) showed that both prepared mixture (M1, M2) has lower thermal expansion (0.87 ±0.54 % and 0.77±0.007 % respectively) than that for control group (1.56±0.004 %). Dental waxes and their components have the largest coefficient of thermal expansion of any material used in restorative dentistry. (19) The result revealed that M2 waxes had thermal expansion coincides with ADA specification No. 24, because their expansion not exceeding 0.8% on heating from 25ºC to 40ºC as shown in table (4 and 5) .
This result may be due to the mineral waxes generally possess higher coefficient of linear thermal expansion than beeswax has. The mineral waxes expand more because they have weak secondary valence forces, which overcome easily by energy absorbed during a rise in temperature. This permits more movement of the wax components, thus allowing a greater amount of thermal expansion. Beeswax on the other hand, has high secondary valence forces because of the presence of high concentration of esters. Since the secondary valence forces restrict the movement of wax component, small coefficient of thermal expansion are observed until the melting range of the wax is approached. (1, 14, 20) 
CONCLUSION
The modification of dental wax was improving the physical properties than the commercial one. The high percentage of beeswax improves the hardness and thermal coefficient in compare to commercial wax. The presence of paraffin wax improve the melting rang of wax.
